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The a b i l i t y  o f  t h e  Manned Space F l i g h t  Network Uni- 
f i e d  S-Band s t a t i o n s  t o  s a t i s f y  t r a c k i n g  and command r e q u i r e -  
ments p r i o r  t o  t r a n s l u n a r  i n j e c t i o n  ( T L I )  on l u n a r  m i s s i o n s  
has been  a n a l y z e d .  

The command pass r equ i r emen t  ( a  pass o v e r  a s t a t i o n  
h a v i n g  command c a p a b i l i t y  w i t h i n  some s p e c i f i e d  t ime  p e r i o d  
b e f o r e  T L I )  i s  more d i f f i c u l t  t o  s a t i s f y  t h a n  i s  t h e  t r a c k i n , g  
pass r e q u i r e m e n t  (one or more t r a c k i n g  passes w i t h i n  some t i m e  
p e r i o d  b e f o r e  t h e  command pass )  f o r  t h e  r ange  of  coverage  
t imes g e n e r a l l y  c o n s i d e r e d  because  t h e  t i m e  p e r i o d  i n  which 
i t  must f a l l  i s  g e n e r a l l y  more r e s t r i c t e d  than i s  the  t i m e  
p e r i o d  for t h e  t r a c k i n g  p a s s ( e s ) .  

I n  a d d i t i o n ,  t h e  p r e f e r e n c e  for A t l a n t i c  or P a c i f i c  
i n j e c t i o n s  has been examined. There i s  a p r e f e r e n c e  f o r  P a c i f i c  
i n j e c t i o n s  i f  t h e  command pass  i s  r e q u i r e d  between 90 and 30 
minu tes  p r i o r  t o  T L I .  A s  t he  a c c e p t a b l e  t i m e  p e r i o d  for t h e  
command p a s s  i s  moved c l o s e r  t o  T L I ,  t he  cove rage  p r o v i d e d  by 
Uni ted  S t a t e s  s t a t i o n s  g i v e s  r i se  t o  a s t r o n g  p r e f e r e n c e  f o r  
A t l a n t i c  i n j e c t i o n s .  The p r e f e r e n c e  for A t l a n t i c  i n j e c t i o n s  
i n  t h i s  c a s e  i s  e s p e c i a l l y  s t r o n g  i f  t h e  T L I  s h i p  i s  n o t  l o c a t e d  
f o r  good command coverage  i n  t h e  I n d i a n  Ocean or i f  t h e  command 
c a p a b i l i t y  o f  t h e  T L I  s h i p  i s  s i m p l y  not used. 

(NASA-Cf7-1 OQ204) PRE-TLI N A V I G A T I O N  A Y D  
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MEMORANDUM FOR FILE 

An a n a l y s i s  has been made o f  t h e  a b i l i t y  of t h e  
p r e s e n t  Manned Space F l i g h t  Network U n i f i e d  S-Band (USS) sta-  
t i o n s  t o  s a t i s f y  t h e  r e q u i r e m e n t s  for t r a c k i n g  p a s s e s  w h i l e  
t h e  s p a c e c r a f t  i s  i n  p a r k i n g  o r b i t  p r i o r  t o  t r a n s l u n a r  i n j e c -  
t i o n  ( T L I ) .  There i s  a r equ i r emen t  f o r  a command pass w i t h i n  
some t i m e  p e r i o d  r e f e r e n c e d  t o  t h e  T L I  i g n i t i o n  t ime  i n  o r d e r  
t o  upda te  t h e  n a v i g a t i o n  s t a t e  v e c t o r  b e f o r e  T L I .  A t  l e a s t  
one t r a c k i n g  p a s s  i s  r e q u i r e d  p r i o r  t o  t h e  command p a s s  t o  
p r o v i d e  t h e  da t a  t r a n s m i t t e d  d u r i n g  t h e  command p a s s .  The 
t r a c k i n g  pass (es )  must f a l l  i n  some t i m e  p e r i o d  r e f e r e n c e d  
t o  t h e  command pass. 

A d e t a i l e d  a n a l y s i s  has been made o f  t h e  s a t i s f a c t i o n  
of  t h r e e  p o s s i b l e  command pass  r e q u i r e m e n t s  and t h e n  t h e  c u r r e n t  
command r e q u i r e m e n t  i s  combined w i t h  two p o s s i b l e  t r a c k i n g  p a s s  
r e q u i r e m e n t s  t o  g i v e  an o v e r a l l  view o f  pre-TLI t r a c k i n g  and 
command c a p a b i l i t y .  

The f o l l o w i n g  t h r e e  p o s s i b l e  command pass r e q u i r e m e n t s  
have  been  examined: 

(1) a command pass i s  r e q u i r e d  i n  t h e  6 0  minute  p e r i o d  
between 9 0  and 30 minu tes  b e f o r e  T L I  ( t h e  r e q u i r e -  
ment a p p e a r i n g  i n  the  March 15 ,  1 9 6 7  J o i n t  Re fe rence  
C o n s t r a i n t s  Document), 

( 2 )  a command p a s s  i s  r e q u i r e d  i n  t h e  35 minu te  p e r i o d  
between 45 and 1 0  minu tes  b e f o r e  T L I  ( t h e  r e v i s e d  
r equ i r emen t  as i t  will a p p e a r  i n  t h e  new J o i n t  Con- 
s t r a i n t s  Document), 

( 3 )  a command pass i s  r e q u i r e d  i n  t h e  20 minute  p e r i o d  
between 28 and 8 minutes  b e f o r e  T L I  ( t he  r e q u i r e m e n t  
a c c o r d i n g  t o  MSFC Lunar Landing Miss ion  Launch Ve-  
h i c l e  Ground Suppor t  P l a n ,  I s s u e  l, #I-MO-5-67, 
October  1967). 

The 1 4  USB l a n d  s t a t i o n s  (Merr i t t  I s l a n d ,  Grand Bahama 
I s l a n d ,  Bermuda, Ant igua ,  Canary I s l a n d ,  Madrid,  Ascens ion ,  
Carnarvon,  Canberra ,  Guam, Hawaii ,  Go lds tone ,  Guaymas, and Texas)  
and  two t r a c k i n g  s h i p s  ( a n  I n s e r t i o n  s h i p  and an I n j e c t i o n  s h i p )  
have been  c o n s i d e r e d .  A 3 minute  p a s s  was c o n s i d e r e d  s u f f i c i e n t  
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f o r  command and a 4 minu te  pass was s p e c i f i e d  f o r  t r a c k i n g .  
The s p a c e c r a f t  was assumed t o  be a c q u i r e d  a t  an e l e v a t i o n  a n g l e  
of 5 O  and l o s t  when t h e  e l e v a t i o n  a n g l e  d e c r e a s e d  to 3O. A l l  
l a n d  s t a t i o n s  were assumed t o  have  15' k e y h o l e s  e x c e p t  Bermuda 
which was assumed t o  have 6" k e y h o l e s .  

The shaded and c r o s s h a t c h e d  areas i n  F i g u r e s  1, 2 ,  
and 3 show the  r e g i o n s  i n  azimuth and t i m e  i n  which T L I  s h o u l d  
n o t  o c c u r  i f  t h e  t h ree  p r e - T L I  command r e q u i r e m e n t s  d e f i n e d  
above are  t o  be m e t  by t h e  1 4  l a n d  s t a t i o n s  and t h e  I n s e r t i o n  
s h i p .  The c r o s s h a t c h e d  areas on these f i g u r e s  d i s a p p e a r  i f  
an I n j e c t i o n  s h i p  i s  used  ( l o c a t e d  a t  48OE, 2 5 O S ) .  

The t ime-azimuth r e g i o n s  i n  which 2nd and 3 r d  r e v o l u -  
t i o n  A t l a n t i c  and P a c i f i c  i n j e c t i o n s  o c c u r  are  i n d i c a t e d  i n  
these  f i g u r e s .  The lower  boundar i e s  for t h e  A t l a n t i c  i n j e c t i o n  
r e g i o n s  are de te rmined  b y  t h e  T L I  times f o r  m i s s i o n s  f lown 
( a r r i v a l )  when the  moon i s  a t  s o u t h e r n  i u n s t i c e ;  t h e  u p p e r  
b o u n d a r i e s  f o r  t h e  A t l a n t i c  r e g i o n s  are de te rmined  b y  n o r t h e r n  
l u n s t i c e  TLI  t i m e s .  For  P a c i f i c  i n j e c t i o n s ,  these  b o u n d a r i e s  
are  i n t e r c h a n g e d .  

The r e q u i r e m e n t  f o r  a command pass between 90 and 30 
m i n u t e s  b e f o r e  T L I  i g n i t i o n  g i v e s  a p r e f e r e n c e  for P a c i f i c  i n -  
j e c t i o n s  as shown i n  F i g u r e  1. F i g u r e  2 shows t h a t  r e v i s i n g  
t h i s  t o  a r e q u i r e m e n t  f o r  a command pass between 45 and 1 0  
minu tes  b e f o r e  T L I  changes t h e  p r e f e r e n c e  t o  A t l a n t i c  i n j e c -  
t i o n s  i f  t he  T L I  s h i p  i s  n o t  u s e d .  I f  t he  T L I  s h i p  i s  u s e d  
( 4 8 O 3 ,  2 5 O S ) ,  t he re  i s  o n l y  a s l i g h t  p r e f e r e n c e  f o r  A t l a n t i c  
i n j e c t i o n s .  I f  t h e  r equ i r emen t  f o r  a command pass between 28 
and 8 minu tes  b e f o r e  TLI  were a d o p t e d ,  A t l a n t i c  i n j e c t i o n s  
would b e  p r e f e r r e d  w i t h  or wi thou t  t h e  T L I  s h i p  as shown b y  
F i g u r e  3 .  The s h i f t  from a p r e f e r e n c e  f o r  P a c i f i c  i n j e c t i o n s  
t o  A t l a n t i c  i n j e c t i o n s  as t h e  t i m e  p e r i o d  f o r  t h e  command pass 
moves toward TLI  i s  a r e s u l t  o f  t h e  e x c e l l e n t  coverage  a v a i l a b l e  
d u r i n g  p a s s e s  o v e r  t he  United S t a t e s .  A t l a n t i c  T L I ' s  o c c u r  w i t h i n  
a b o u t  a ha l f  h o u r  o f  t he  end of  t h e  p a s s  o v e r  the Uni t ed  States  
and i t  f o l l o w s  t h a t  A t l a n t i c  i n j e c t i o n s  a lmos t  a u t o m a t i c a l l y  
s a t i s f y  a r equ i r emen t  f o r  a command p a s s  i n  t h e  h a l f  h o u r  b e f o r e  
TLI . 

I n  a d d i t i o n  t o  t h e  r e q u i r e m e n t  f o r  t h e  p r e - T L I  command 
p a s s ,  t h e r e  i s  a r equ i r emen t  f o r  t r a c k i n g  p a s s e s  d u r i n g  t h e  
ear th  p a r k i n g  o r b i t  phase of t h e  m i s s i o n  p r i o r  t o  t h e  command 
p a s s .  The f o l l o w i n g  example i s  t h e  f i r s t  o f  two which were 
examined i n  d e t a i l :  

(1) Assume a command pass  i s  r e q u i r e d  between 45 and 
1 0  minu tes  b e f o r e  T L I  i g n i t i o n ,  
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( 2 )  assume 2 four-minute  t r a c k i n g  passes a re  r e q u i r e d  
i n  t h e  90 minute  p e r i o d  which ends  1 0  m i n u t e s  
b e f o r e  t h e  pre-TLI command p a s s  ( a t  l e a s t  one o f  
these t r a c k i n g  p a s s e s  must be from a l a n d  s t a t i o n ) .  

The shaded  r e g i o n s  i n  F i g u r e  4 r e p r e s e n t  az imuth- t ime areas i n  
which, i f  T L I  i g n i t i o n  s h o u l d  occur,  t h e  above r e q u i r e m e n t s  are 
n o t  m e t  ( t h e  T L I  s h i p  coverage  has been  i n c l u d e d  i n  t h i s  a n a l -  
j s i s ) .  It s h o u l d  b e  n o t e d  t h a t  most of the  shaded  r e g i o n s  i n  
F i g u r e  4 are  i d e n t i c a l  to t h o s e  i n  F i g u r e  2 which i n d i c a t e s  that  
t h e  r equ i r emen t  f o r  2 t r a c k i n g  passes p r i o r  t c  t h e  command pass 
i s  a more e a s i l y  s a t i s f i e d  c o n s t r a i n t  t h a n  i s  the  command p a s s  
r e q u i r e m e n t .  When t h e  T L I  s h i p  i s  used  f o r  command and t r a c k i n g ,  
t h e  on ly  l a rge  problem area i s  for 2nd r e v o l u t i o n  A t l a n t i c  i n -  
j e c t i o n s  (1st A t l a n t i c  o p p o r t u n i t y )  w i t h  l a u n c h  az imuths  between 
104O and 1080. 

The second example which was examined i n  d e t a i l  i n v o l -  
ved t h e  f o l l o w i n g  assumpt ions :  

(1) A command p a s s  i s  r e q u i r e d  between 45 and 1 0  minu tes  
b e f o r e  T L I  i g n i t i o n ,  

( 2 )  one four -minute  t r a c k i n g  p a s s  i s  r e q u i r e d  i n  t h e  
70 minute  p e r i o d  which ends  1 0  m i n u t e s  b e f o r e  t h e  
p r e - T L I  command pass ( t h i s  t r a c k i n g  pass must come 
from a l a n d  s t a t i o n ) .  

The shaded  r e g i o n s  i n  F i g u r e  5 r e p r e s e n t  az imuth- t ime areas i n  
which i f  TLI  i g n i t i o n  s h o u l d  o c c u r  t h e  above r e q u i r e m e n t s  a r e  
n o t  m e t .  Again i n  t h i s  c a s e  t h e  shaded r e g i o n s  i n  F i g u r e  5 a r e  
a l m o s t  i d e n t i c a l  to t h o s e  i n  F i g u r e  2 .  

Conc lus ions  

I t  can be  concluded  tha t  t h e r e  a re  some r e g i o n s  ( i n  
az imuth  v s .  TLI  t i m e )  i n  which t h e  a v a i l a b l e  t r a c k i n g  does  
n o t  s a t i s f y  t h e  r e q u i r e m e n t s .  The p r e f e r r e d  ocean  f o r  i n j e c -  
t i o n  i s  the  P a c i f i c  i f  t h e  pre-TLI command p a s s  i s  r e q u i r e d  
between 90 and 30 minu tes  b e f o r e  T L I  i g n i t i o n .  I f  t h e  p r e - T L I  
command p a s s  i s  r e q u i r e d  between 45 and 1 0  minu tes  b e f o r e  T L I ,  
t h e  A t l a n t i c  i s  p r e f e r r e d  i f  the T L I  s h i p  i s  n o t  l o c a t e d  f o r  
good command coverage  i n  the  I n d i a n  Ocean or i s  s imply  n o t  u sed  
f o r  command. There i s  e s s e n t i a l l y  no p r e f e r e n c e  f o r  A t l a n t i c  
or P a c i f i c  i f  the  T L I  s h i p  i s  u s e d .  For command i n  t h e  28  t o  8 
minu te  p e r i o d  p r i o r  t o  T L I ,  A t l a n t i c  i n j e c t i o n s  a re  p r e f e r a b l e ,  
e v e n  i f  t h e  s h i p  coverage  i s  used,due t o  t h e  tho rough  cove rage  
from t h e  pass o v e r  t h e  Un i t ed  S t a t e s .  

2013-TBH-srb T. b .  Hoeks t r a  

At tachments  
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